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(57) Abstract: 

PROBLEM TO BE SOLVED: To 
obtain a semiconductor inertia sensor 
which eliminates the need for a wafer 
pasting operation and a laser beam 
machining operation, which is 
suitable for high volume production 
and which is low-cost and to obtain a 
semiconductor inertia sensor whose 
parasitic capacitance is low and 
which is high in sensitivity and high 
in accuracy. 

SOLUTION: A second silicon wafer 

22 is pasted on one face of a first 
silicon wafer 21 in which films 30 
such as oxide films, nitride films or 
the like are formed on both faces, the 
other face of the first silicon wafer is 
polished, a single-crystal silicon layer 

23 is formed, a structure 24 which 
contains the single- crystal silicon 
layer is bonded to a glass substrate 10 
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in such a way that the single-crystal 
silicon layer is faced with a recess 11 
on the glass substrate 10, and the 
second silicon wafer and the films 20 
are removed. When the exposed 
single-crystal silicon layer is etched 
and removed selectively, a 
semiconductor inertia sensor 30 
which is provided with fixed 
electrodes 27, 28 and with a moving 
electrode 26 sandwiched between 
them and which is levitated at the 
upper part of the glass substrate is 
obtained. 
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1 

MBi/U n>':7 3:-y\(22) %:mm(20) $:X«y5^x h«y 
«5iai^(20) $:|^*LTitfgamSiSi/U 3>^(23) Sr^m 

L^c^SS/U =J>*^^?5:S-*f®@^mfS(27,28) t 

«(io)<z)±:&tc#i&-rs#igiii/u =j>*^e,«:snr»« 
ii(26) i: ^m-t^^mim\t-ty'^)'(3o) ^n&xmt & 

2 ] :«/^:P^ifi«{lO) «)^®ic:^m«^(i2) & 

U n > (21) (^>t®lc >> U n > ?:?g^-f icx 

'y^>^|gj&lg(20) ?::^LT^B^e/U n>S{23)*^ 

m^-^xitf^7.m^m izm^t?>JMt. 

ttBBi/U3>':?a:-/N(22) ^BufBI^(20) $:X«/^>^ h «y 

msmm ^vsi^ LxmsM^^iy >® (23) $:sm 

>m*i-sz:ii{cj:»j, mzis^7.mmm±\zmi 
mmmm(mzM\^i^xmiti>m^^iyv ^>;5)^e)J5; 
.5«iii&@ffi(26) S:^-rsiNi<t!Ktt-fe>'-b-(40) ^ms>j: 

i/ U 3 > X (21) OD^^rffifC 2/ U n > S:tSAl4-ricx 

^:>^yirssf^tjimm ^^Lxms&i/v=iyM(23W 

titzmm»(2A) SrltjgSi^lg^i/ U a >M(23) 

mE.iyVay':?3i-M22) «:ltfiail(20) $:xy5=-;<, h 
•^MH LX3L-j^ym^-t?>XMt, 

itsBi^{20) ^m^i,xm&m^^Biyv:3ym(23) mm 
^-frm mmu^iyvayM(23)i:mimiZ3iv^ 

ltriBA'5;^aK(io)±tc^ 
Lfe#ISSS/U n>*^e>J5;S-M®@^«lS(27,28) t. 
tffiaH^«1i(27,28) lZ^*tl*^ot(f3^ffl«M(12) tc 

>t«f[^jLTluiB^ai«ii(i2)o±:^{c^?s&-t5#ie^i/ «; 
n>*^b;fcSnIS&mm(26) i: -r-Siii^^ifKtt-fe^-y- 
[®*3S4 1 :^f^:^^(io) fciagiKii) ^j^mr&x 

S 1 i/U =i>d-/N(21)©M®fCi/y =3>?:^^-r 
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^ 2 i/ U 3 > >t7 X -/\ (22) SrtfnaKS li/Urj>>i7X-/N 

(2i)®;twctfjfa^(2o) $:/rLTa!iU-^fc-&.g>xgt, 
ttfiBig 1 'J n > <^ X -y \ (21 ) 

{CW® LT-^B^i> U n >® (23) ^ri^fifef-SX^i:, 
«tflBiijg^i^U=i>^(23). K^Sm(20)2;tt>*S&tBS|2S/ 
«J =I>'^7x-y^(22)A^e>«:S^Sg«s(24)&Bul&|i^^t' 
U :a >M(23) jt)^Bf)fBIHIgp(ll) IzMf^t^ J: -3 tCBofB:j!/v 

:^mLmizm^ti>j:mt. 

t(j|ail2 i/U 3>'>x-y\(22) $:l5tail(20) 5:x>:/5=-y?. 
10 hy:fStLX:r^^y^yim^ir^JMt. 
tuSBI^(20) $:K^55LTtfjIB^,^B^S>U n>M(23) 
^-frfc^. BtfIBi*kig^i/ U n >M (23) iimmizx. >v ^ 

Lfc^MSi/U 3>*^e>*S-^0!)®^m^(27,28) 

f(ffl3-*fO@^a®(27,28){CS^*nAotfFiH:**^>!.S 
miO) (D±-^izmmt^M^^i/ U a nIKfm 

m(26) t ^m'rs>^fmimi&-^y-^m ^m^xmt ^ 
[ff*]S5] ii'y7.msim\zmsi>in)^jm.-t^JL 

20 Si:, 

miis^7.msLm<7^mm{n)(oim\zi^\mM{m & 

|g 1 S/i; n>'i7 3i-;\(2l)©ISS{Ci/>J 
lcx«v5^>ifBrt8^l^(20) ^l^^-t^iMt. 
||2i/>j3>^7a:-y\(22)$:i!flaili s^u r3>"i;x-yN 
(21) ®>tMtcttf3aiiE(20) UTWi »J-^*>-&SXSi:, 
BolBH 1 U 3>>^ai-A(21)®SiJ®;t®S:m^®j?S 
{c:W^LTmSSH^S/U =i>®(23) ^Tm^^rMt. 

miim^^ty u 3 >M(23), msmm&xfmE^ 2 

30 U3>>^x-A(22)*NP,;&S^g«c(24)«:|tfiB#j^Si^ 

vziymi23wmmmn)izM{^-ts>^^izms&^^ 

xa«(io) {cg^-rsn^t. 

Iff! am 2 i/ U > X -/\ (22) S: BffiaiK(20) S: X ^ X 

|friBM(20) m^LXmtim^^miy'J 3>®(23) $:sai 
luiB^B^S/ 'J 3 >M(23) Sr^^icx 

yifm^t^zLtiz^v. mnii'^^mim ±izt<iB 

«lffiSS(12)»cMl^UT#iH-S#ieas<"J 

S oIKrtWi(26) •54i#<*«'t4-fe >-»J-(40) $:#SX 

40 mti:^ti^im&i^y'>^o)m^-fim, 

m^me] ;<3'^^s®(io)tciHigi5(ii)$:?^^-rsx 

Si:, 

iuI3:**^7.S«(10)CDmS|J(ll)®Jg®tC«iaj®®(12) & 

jffife-rsxsh. 

m i/U 3^':7x-y\(21)«>Mffi{ct/«J 
tCx^y^>yBril^l^(20) Sr^^^SXgt, 
112 i/U n>•^7x-y^(22)?:|f^lBll 1 i>U 3>"5x-y\ 
(21)®>ft®lCtf^aig(20) $::n'LTft!i*J-^fc-&SXSi:. 
lulB^ 1 i/ U ri^C/ x->'\(21)©g!l®>^-® 
50 tew® LXM^^i/ y 3 >^(23) $:?g^1-SXSi:, 
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•J =3 >M(23) tf^mimmn) izM\^t^ ^ o iztm^is^ 

memm Lxmmm^iyv 3 ym (23) ^mta 

mEmmvmiz? ,28) t ti*^oH!jia^.m«fg(i2) tc 
(50) ^'i^^xmt i:^ti^im^-i^y^(DW^:^mo 

[ft 7 ] 9X^(10) {CKIgPdl) $:?^fiK-rsx 
Si:, 

H 1 J/ U 3 :y "i; 31 (21) (DWBtc i/ u 3 > 
{CX>y^>i^*nrtg^l^(20) $:m-r-5xsii, 
m 2 i/ U 3 > "i; X - A (22) S: tulB^ 1 >> U 3 > x- a 
(21)©;t®{Ct5ga^(20)S::n-LTft!ty^:b-&SJCSi:, 20 
itflBUl iyVay^3L-M2l)<DWi<D}^^^m&(Dm^ 
IcW^LT^i^St/'; 3>M(23) 5:?^fiKt--g>XSi:, 
itffB^^t^U3>»(23), .t«I3K(20)ii.Of|ui2ll2S/ 
U 3>':7X->'N(22)*^e>;a;S#im(24) SrttflBP^Si' 
U 3>jg(23)*^t«flBiaBP(ll)fC^-rS J:e)tCtiflB;!f^ 
x««(io) (c^-r sxg^;, 

SugBII2 S/U 3>':7x-/N(22) $:BfnaK(20) $:X»y5^>^ 

M(23)«:^fi«J{CX^y5^>y|g$55-rS3i:{Cj:y, ilffB -30 
:^^X«fi?(10)_h(cg^ Lfc^^Sa^i/ U 3 >y^)^e> Jfc-S- 

^®HS«@(27,28) tmm-M<Dm&mmiz7,2a)izm 
*^^*^ot^fgB3!/^x^(lo)(D±*^ci?ibi-s^lls/ 

u 3>X)^e.^^;soIl&«1g(26) ^mt^^im&-^y 

•y-(30) $:#^xei: $:-^tf^<*11tt-fe >-9-®s©i:& 

[|f*3^8] ?!/5:^^(10)fC|HIg|J(ll)^?^fiK-tSX 
Si:, 

MB;«/5xS«(10)®IHiaiJ(ll)(7)j£SitC^ffi«S(12) S: 

^^^^■rsxSi:, 40 
|g 1 U 3 > 1? X -/N (21) ©MBdJc t/Vny ^m^^^ 

iz3L>);^yrs!m^mm ^m^-t^JMn. 

m 2 >> >J n > >i7 X (22) SrtoiB^ 1 U 3 > >^x- A 
(21)®;t®{C|5iail(20) Sr^LTBA'J^iJ-frSXSi:, 
tJgaHl S/U 3>'>x-A(21)«)gl|0;t®$:^®^$ 
tcW^UT^^S/y 3>®(23) 5:J|^^1-SXSi:, 
ttflBiti^B^i/ U 3 >M (23), lugail(20)S:UfmJf B^ 2 
U Zl>■J7X-A(22)*^e,;5;^^^g«c(24) 5:ttnB*j^B^S/ 
U 3 >® (23) ;&^|tj|BmSiJ(ll) IC^InJ-tS J: e» tCt«iB?!/7 
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WiSSmztyO 3>«5x-/N(22) ?:af[fBI!i(20) S:x»);5">t 
h LTx«v5^>y|^Si-^xSt. 
BfjiBm(20) $:a^6tl{C|^afe Lfc^. fffSBi^^SB^i/ "J 3 y 
M{23)^mmiZzLy^y'^jl^^^Z.tlZji^). BuiB 
;</^x^(lO) ±tctfffB^aj®ffi(i2) fCMlnl LT^I- 
e^J^alit/ U 3>;bNe>^S prSl«^i(26) Sr^fS^**: 

ifi'tt-fe >-y-(4o) &^§f>xsi: ^-^tm^im^iE 

[^#^9 3 :^5:^a«(l0){c|HlgP(ll) ^m^t^x 

mii^^:Km^m<DBmu)<Dimizi^mmm(i2) ^ 

Ml iyVziy':?x.-/\i2l)(7miSizi/Vay^^^ir 
lZ3iy^yif^!mfjm(20) ^imt^JMh. 
^ 2 S/ U n ^"i; X-/N (22) $:ifj|Bm 1 U 3 > -i^x-^N 
(21) «);t®tc|fiaiS(20) LTMA y -&t>i±SXSi:, 

tiBBiii s/U3>i:7x-A(2i)0sijc!);tM^m^©;ys 

lC«Fif UT^jg^i/U 3>M(23) S:?^^«1-SX«i:, 

tofsm^B^^' u 3 >M(23), if^(2o)2s.t;ifflBii 2 i/ 

U 3>>^;x-A(22)*^e>;^>S«ig^^c(24) ^rffflBiPMH^i/ 
U 3 ym (23) ^^iuiBHaPdi) lc*fFp]t--5 <k e> tctulB**^ 

;^^(io) tcg^-r sxgfc, 

StflBII 2 ^> U 3 > -t; X -y N (22) 5:8-11311(20) Srxyf^;^ 
h i: LT X >v ^ > m^fSXSi:, 
t5iBIII(20) ^mm\Z^is L/fe^, tyfSfiM^i^ U 3 > 
m(SS)^mm\z:r.v^yif^-tiS>^h\z^*}. ttfIB 
;«/^x»K(io)±{cg^ Lfe^^Sa^e/ u 3 yti^^r^^- 

*f<Z)HSm^(27,28) i:BfnBH^«1S(27,28) tC^ttV7&^ 

■otjiasim@s(i2) \zn^ bTSufB^ffi«i(i2) o±;? 

{cv?ffir-rs#jS^S/ u 3 >*^f>«;S'5ri&«@(26) i: 
[0 0 0 1] 

s•fe>i^, 'mmMy'^izmt^imwm.-^y'^ik 

[0002] 

[(Ja5<Z)K$i] tfefe, 30ffl0i{i##;'M'S-k>-!^-i:L 
T, (D;^*^;^.S«i:^^g^i/U3>(Z)^igX)^e>;fc^^lg 
^iig-fe>-y-*^i^3tlTl>S (M. Hashimoto et al., 

"Silicxm RescMiant Angular Rate Sensor", Techinica 
1 Digest of the 12th Sensor Symposium, pp. 163-166 
(1994)), 3<^)-fe>-b-«M{ll& 1 — iyayA-X'W^Sb^ 

^^'^izi^rz.^^mm<D-smmm^^t?>, zoymm 
^t-^mmmizzivyt-ut)ti^i:,x. -^mwm^h-iy 

ByA-<Dm*Jizmvim^1^:iLX)mt^. -ty-^ 

ii.zL<o-msmm(D)miz^&-smmmt^ii!,wmt<Dm 
(^B^&amuz^^mmi^tzn^iii^m-t^. z: 
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^aism'^ (110) (Dm^f^^aiyv^yWR^^mmiz 

yifi:noi3\ m\'^iih-i/3yA-a>»immMl!>6^^ 
<7>t4Hmo)mmz yag u—^x-n^^i-f tcmz. 

KOHJ&ifT'-^x^y hx^y^^i'-^r^ToTl^-S. x«v^ 

[0 0 0 3] *fcS(l®^fl£ffii4-fe>-9-i:LT. <2)i/'J 
3 >S^tcx >y ^ > VX'^mm iiA^n-y.itLtc^. 

ig^^-r s d t tct y -Bmsm® ut® u e/ u n 

^S:?^^bfcV-fi'a2;-V>fa (K. Tanaka et al., "A 

microDiachined vibrating gyroscxjpe", Sensors and A 
ctuators A 50, pp.111-115 (1995)) *'5^^$tlT^^^ 

iyv ::iy^iz^mmizj:r^x^m9m^m^u 
^<D±izm^tfj:^ V ymifi^:^m^mm:vxj'^-si- 

-y^X^td^. ;}<Ui/Un>?:^U JlfcSittx^y^ 
S:x«y^>-^tcJ:U|g^*-r-g>3i:lcj:U> orSr®lg|5:8> 

[0 0 04] 3g{CSiJ«)ii^#«<t-k>-b-i:LT, <S)5!/^ 
y^W&L^W^^iy^) ::iy(Dm^ti^^fs^^V^Au7.zi- 
:/*^^^$4^TV^.5 (J.Bemstein et al., "A Microma 
chined Comb-Drive Tuning Fork Rate Gyroscope", lEE 
E MHIS '93 Proceeding, pp. 143-148 (1^)) . Z.(J>*J 

oiv^y^^n-o rz.mzmmmyf^a ymm^n-D xssm 
mm, m&mmf^mf^Lf^mmmiyvziymiii^^ 
uymi^ncrc^^mkmt.vxm^u 3?tc:j?D 

[0 00 5] 

y*)-ammmizit. ik<Dxm^-Dr^o ^oy^mnm 
m-^y*)-(DWM-^mxit. ii^7.m^izMbx^m-t^ 
mmiztsi^^^ y "3 ymjm'^mm^mzmn^ i* 
izj:*}:ff^:^mnzmm^^x-^mmmiztjt^tji\f^z.ii 

*^feo;to 3®MU#^ (sticking) $:|»<?fett)tC-5Ji6 

^^Lxmmtft>mi)'^^^^vmxm 
m^Ltz^K. iy—*fm^^xm^Lx\>^tcmm^i: 
wmvx\>^-^o t.tzmi<m^Mm^mm-&rzmz 

*)o-r. ■\zyi)-i:mmiy^^t-t^m^iziiPfjmx$> 



(4) 10-2 4 2483 

6 

[0 0 0 6] ©©T-l'i^Pi^-V^fDtjU i/U:3>'^x- 

•vf^x h «y UT^ja«s^#:$:?g^-r S tzSb. x 

h «y :/^**^:Jp^^«^lctt:t-/txy ^> 

[0 0 0 7] M^c0^tms)^ci3v^T^i, Riiim^gpi:^ 
10 fam^i:®T5-f y hiimm^mznt>ti?>f)\ 

tztb. z:(D7'y^:f.yhit~miznmim^\ -^wmm 

[0008] ^mmcD B ftSti, U— »fiDX*'::^^T';*:* 

^izm-t^, i&:n^h(D^im^±y'\)-(D^:^m 
im<. mmmxmmm(D^!mim\^±y^(Dm&:^m 

[0009] 

EHC^-rJ:-^lc, 2/';n>C'jc.-/\2 l(X);iffi{cS/>J 
=i>S:g^-f {cx^y^>yprSB«:m2 0 $::;m,T*^ 

i/U3>M2 3 ?:M[oI$-&T;«3'9xa® 1 Oizm^-f^ 
JMt. :>U3>>i7a:-/\22$:]^20S:X-/5=-:;?.h^y 
30 ::^®i;LTx.y^>y|iS$*-tSZ«i:, mzo^J^L 
xmU^iy U n >M 2 3 U n 

>®2 3 S:^6<)tCX^vf^>yi^*-t-53i:lCj: »J, jb* 

^:^»Ki o±^c^ufe#^g^s/U3>;^)^e>^s-*f 

®@^m®2 7. 2 8i:-*r®B^«@2 7, 2 8izm 

tni)^-D:^^7.m. 1 0 <D±:^izUm-t^m^^Bty U 
>'A^e>^S«ri&«<i2 6 i;S:WtS^f*?«tt-fe>-b-3 

0 ^m&JMt^'^ti^im&iEy-*}-(D^-:^mx& 
[0 0 10] 11:^:1 2 fC'^siferati, m4iz^^i-^o 

40 {c, 1 0 ^mmiz^mwi^ 1 2 jr^^^gf ■sx 

mt. ii^7.mSLl OCDHSPl 1 CDj£®fC;^{i}«^ 1 2 

^Tm-t^:rm.h. i/y3>'>i-7N2 i®;tBifce/'; 

n>$:g^-ricx^y^>ynl|g;5:|^2 0 S::n^LT#|g 
^i/U n>® 2 3*g^fig$ttfc#lii<*:2 4 ^rtulBi^iiSB^ 
i/Un:yM2 3S:*frRlS-frT:)!/5:^ffi«l Otc^-tS 
XSi:, i/U3>':;a:-A2 2S:K2 0S:X«y^>^h«/ 

xm^^mi^ 'J n >M 2 3 -^^i/ U n 

>M2 3 5:^Wfcx-/^>yK^£'r§zii:tcj;»j, 
50 1 o±jc«|ffimSi 1 2 UT#Sft^s#^ 
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[0 0 11] m^m^izgh^mma. m^iz^stj^o 
iz, is^7.miio<Dmmiz^mmmi2^m^'t^:r 
ut. :»'y7.mRi ocDiagpi KDimizmiiimmi 2 

i:m^t^j:mt. i/'):ny^x.-/\2 l(D}^mzi/V 
n>S:S^-f{Cx^>^> ^-0118^11 2 0 S:/rLT#^ 
ffit/ U 3 >M 2 3 3{>^?^^$nfc«im 2 4 $:BfiBiLSg^ 
S/U3>®2 3 S:>t>fl^lS-&-C;ij*^^a«l OlCg^-T'S 10 

Zfmt bTX«y^>^m*-rSJ^il. M2 0 Sri^^L 

T#iiigSi/ u 3 >M 2 3 ^sms-em u n 

^M2 3$:®^61>tC3i-y^>m*-tSZ:^tcj:»;, :fS 

^^mmi o±^c^Lfc#^gH^^>'J^>*^e>J&■g.-*f 

©@^M2 7, 2 8i:@«tt^2 7, 2 8izmttli}^ 

o^^mm^i 2tcMi«ibT:^ffimsi 2©±;?ic^i6i- 

©iiStT^&T'feS. 20 

[0 012] ^*«4JC#S%» SllC3ti-<J:o 
fc, :^/9;^SSi oiciagpi i fem-fSM^, mi 
S/Un>'i'x-/N2 l©]iS®JCi/U=i>$:S:^-ftcx 
«y5^>^^l8j&m2 0 ^mm-^JMt. m2 i/U n> 
C7x-/N22$:||12/U:3> t7x-/\ 2 1 «);t®fc)e 2 
0&:frbTBi!i*J-^*)-B:-5XSi:, «gl 2/U n^-^i-A 
2 1 ©Sija»t®5:m^®jgS{cW0LTm;SB^S/U n> 
M2 3 ^m^t&JMt. #jg^i/U n>® 2 3, m2 
0S.0t|g2i/Un>^?3:-A2 2*^e>3&S«ISt^^^2 4^: 

U 3 >® 2 3 *^Hg|J 1 1 {c*f|^-rs J: e) tc?!f ^ 30 
X^l OtCg^^f -SXgi:, ||22/U=i>'J'3i-/N2 
2^m2 0 ^:si^i>^:^hv^MiiVT3i^:/^y'm^-t 
SXSi:, jK2 0S:K5*bT#jg^i/U=i>M2 3S:S 
#iga2/'j3>®2 3$:®#^e5lCX«y^> 
^y|g$Si-S^i:fCj:»J, ;tr^^S«l 0±tCg^^Lfc# 
ie^i^ U n >*^e>;&:S-*J■0a^mM 2 7, 28 t-M 
(Dm&Wm2.7. 2 8 tC^*4X3!)>0?!/5:7.^ 1 0<Z)± 
*{C^»t-S«SS2/'J 3>*^e>^S«ri*«® 2 6 i:?: 
^i--5^<*?gtt-fe>-9-3 0 5:#S33gi:$:^tfi|i#f!|J 
«tt-fe>'-9-®iSt:^j£T'feS. 40 
[0013] 5 izm^m^it. H4 ICa^-t J: o 

7.w^ 1 0 oHSis 1 1 (Dm^\z^^w^ 1 2 ^m^t^ 

iMt. ||lt'U=i>'^i-A2 lCDM®lCt/U3>?: 
g^-rjcx«y5^>i^ig^|g2 0 $:?g^-r€>Igi:. 
||2i/'j3>':7ai-y\2 2S:^lJ/Un>"?x-A2 i 

<Dnm\zm: 20^1;^ i^x9£^)^t>^^xmt. mn/u 
y 3 >e 2 3 ^j^m-^xMt. m^Biy u n > 

M2 3, K2 0;Ratgl2i/ij3>'5x-A2 2*^e>J6cS 50 
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mmiH 2 4 U =3 2 3 *^|HIg|i 1 1 IZMf^f 

&^oiZ:fy'^7.mii Oizm^t&xmt. ^2S/Un 
> i - y N 2 2 5: |g 2 0 $: X >y ^ X h >y b T X 

^yym^^^xmt. m2 o ^.^Lxm^^t^aiyv :n 

y^2 3 fegim^-itm U n >® 2 3 

W{cx^y^>^m*-rS3ttciU> ?!3'5::i.S^i o± 

fC:^ffi«i 1 2 {C^lBl LTJ^lft-tS^Sa^S/ U n >*^e> 
'fcSnim®li2 6 ?:^-r-5if^«c1gtt-fe>-9-4 0 

[0014] !t#:S 6 IC^SfgWti. @ 5 ic^-f J: O 
{C, :^3*^X»K1 OtCPflgpi 1 &?^^-r-5X@il. A*5 

:^^i o®iHisiii loimizi^mmmi 2^mm^^ 
mmrizaLy^y^mtm2 o ^j^m-^xmn. 

m2i/Vay^x.-j\2 2^mi i/U3^"^7x-/\2 l 
<Dnm^zm 2 0 LTBA -^fc-SSn^^;, Sli u 
3>':7x->r\2 1 ®jgiJ(D;^ffi&m^Oj»S{CW^LT# 
iS^i/ U n >S 2 3 fej^^-tSlSt , ^jl^Si' U n > 
M2 3, 1^2 OZ5:t?ll2i^U=I>>5x-A2 2*^e>^^5 
2 4 $:^a^i/ U =/ >® 2 3 i)^mSl^ 1 1 lZM\^-t 

?>2ioizii'^:^mti oiz^t?>xmt. m2iyva 
^yim^t^xmt. m2 o &B^*LT#ig^i/u n 

>M 2 3 ^mm^-&r=.m, M^^sty U n >M 2 3 
Wtcx'y^>inS*5&-r-g)3i:{c<};y, :ff^^^io± 

izm^hfdimmiy') =i>*^6&s-*f©Hj^s^2 

7, 2 8il-^G)@^mii2 7, 2 sizmtnti'^-Dis^ 

1 0 <D±^^zwm^^^^aiy U n >*^e>«:S pj 

2 6 i: ^m-t&^^im^± >-y- 5 0 sr^sjcs 

[0 0 15] izm^nmit. mizm-tJ:o 
iz. ;tf^;^.»fizi otcmpi liimm-^xMt. mi 

£/ y 3 > X - A 2 1 ®M® >; n > ^^r^ficx 
•y5^>y«rtg35^2 0 i:m^^S>XMts 112 i/U n> 
■^7 x->'\ 2 2 SrH 1 J/ U 3 > -^yx-y \ 2 1 (D^tMcj^ 2 
0&/M/Tft&*J^t)-&-5X^i:, ||lt/U3>'i7x-/N 
2 1 ®giJO>V®?:m^®ff StCif® LT^B^t/'J 3> 
®2 3S:?^fi&tS3:^i:, ^aS/U3>M2 3, |g2 
0^^t>*||2 S/'J n>'!7x->'> 2 2*^e,;5:5^jt«c2 4 5: 
U =1 >® 2 3 *^mp 1 1 }C#|Rl-r.g) i o Ki^^ 

7.msLio\zm^ir^xMiL. m2i^v:=iy^x.-j\2 
2 i:m2 0 ^:iiy^yt. h vzfMlL LXy.vf-yimii.'t 

^xmt. m2oi:mimzm^i.tz^. Ji^sae^un 

>M2 3?:^^lcx>y^>m*-r€.3i:tcJ;»j, iS 
77.mil o±\zm^Lr^^^i/Vnyij^^f£^-M 
®@^«fii2 7, 2 8i:-?t«f®@^mM2 7, 2 8JC^ 

tni}^-^ii^7.mii oa)±:^fcv?ffi)-rs#*S^^>U=i 
>;&^e5jfc-5pIK«@2 6 i:$:;t-rs^«?^'t4-fe>-t>-3 

0 iim^xMt ii-^ti^im^^y-^ffm&^mx^} 
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[0 0 16] n^msizm^^it. msiz^-t^o 

7.mi. 1 0 (Dmm 1 1 (Dmmiz^i^mnm 1 2 ^m^-t^ 
g^-ricxy^>^tg^i^2 0 ^mmr^jMt: 
(Dnmzmz 0 ^iftLx^v-^ty-^^iMt. mii^v 

Sg^S/ U n >M 2 3 $:j^fiK-r SXgi:, U zi > 

®2 3, ll2 0^5Lt>•||2S/U=3>'i'X-A2 2;^)^e,;&S 
2 4 ^mS^aiy 'J n >M 2 3 3{>^IHIS|J 1 1 lzM\^t 

^^^izis^:kmii oizm^-t^jMt. m2i/v=i 
5^ y m^t^xMt. mo ^mmizm^ 

i:tcJ:*J, o±icg|ffimSi 2lcMl^IUT 

[0 0 17] nM9iZ0h^^\t, m9iZB-t^O 

1 0 ® mgp 1 1 ©jsffiickmm® 1 2 sj^fig^s 

n^i;, m i/U=i>'i73i-A2 iCDMD5tci/Un:y$: 
mt&H'izzsi^y^yir^m^mz 0 Sr^^^-r^xSi:, 
m2.i/^)-nyfj3u-j\2 2^mi t/U3>';7x-/N2 1 
®>i-ffitcM2 0 S::^LT«i!i*;-^^-l±-5Xigi:. ^1 y^) 

:ny^3L-;\2im\oynm^fm.(Dm-^\zmmhx^ 

M2 3, li;2 0^i:Ut^2S/U=l>';7XWN2 2*^e>^S 
2 4 $:#M^>> U n 2 3 *^IHISP 1 1 icMl^-T 

^li? X- A 2 2 2 0 S:X«/^:;?. h vy L/XXvy 

^y^m&iri,xmt.. Wk2 0 S:3g«?wiciifefebm 

^^Hi/ U n >M 2 3 &^W(CX «y 5^ > m^-rs 3 
i:tCj:»J. ;«3*^XS®1 0±{Cg^Ufe#*S^>>y3> 
3i)^e.^-5-M®H^®^2 7,2 8 i:-M0DS^S^2 
7 , 2 8 tC^*n*^o:BfetiJ«® 1 2 VZmi bT«^ffi«® 

1 20±:^fc#S&1-SjpjgSt/Un::/*^e,«;SpIiif|® 

2 6 ^m-t^^Wm^^Z-y^ 5 0 S:^ 

[0018] ^(Dlf 1 ^ L 9 tC^S|St:5^T' 
tf^tJejI^lCJt/^T, *m©IS:S»^2, 3, 5, 6, 

&Rm\z^%>m&-mn:\t. msmm^j^j^-tmi 
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w&h<mmmm>ittv,tm-mzn7L<bt\.!b, z<Dt=. 

[0 019} tsi^. mmmx. r->'J =i>$:tS:^-f 

iz^v^y^-^^tmi ^^$:x>y^>m* 

^^mz y U n tV&V ^x > h 

>v5^:^ h \yxmm-t^mz\t. BfjSEx>y^-v> 

hi:«M*cSX7f=-v::/h{CJ:oT. i/U =i>®i^S:x 
»y5^>t?'-rsz:i:*'^t8T'feS, z.(omii^(omiLl> 

||2S/U=j>>5x-/N2 2a)^5B^::&ffi{i. x>y5^>^0i 
(110) :^fit<?)=b©;5)W*L<^ 

[0020] 

WiD^ 1 lye^mo^i^istt-fe 3 0 \t)mm^ y 

:^97.»Ki 0±fc@^$ti:t@^®ei2 

7;Rt>'2 8(Dra(cprt&«ii2 6$:^-r<2)o -mm&2 

20 6. @^SS2 7^.0^2 8{dU ^^l^W^e^i/U 3> 
*^e>^U, m@2 6i:®@2 7^o:«fg2 6i:fl?|g2 8 

6{i:;^*5x^l 0®±:;^{C'(agU tr-A3l, 3 1 
{cj;U^®M3S*^3titStu ;«j*5:^»Ki oicMLTi? 
i^l^C^i:oTV^S. tf-A3 l<?)^ai53 1 ati^tgl 0 
±\zmm^i\>i>, ^\^ii.\<^il\ hr-A^!gg|53 1 a, 

m^nm2 im:^2 &\z\,tm&i\zmmmm)''tti-^ix^o 

ZL(iy^WmtMy'^^ox\i. o«ftmffi2 6icML 

T, ®®^i^WT*a^-rJ:dfCl^-^^gSIS3 1 ai:3 1 a 

t!«112 6{ilf-A3 1, 3 1 LTi^-tS. 
Bl»l«®2 6 i:H^«M2 72it>*2 SOraCDr^A^jS*^ 

ofe»J, i^*ofcU-rsi:, ■5liaffi^2 6i:@^fH®2 

[002 1] mz. ^nm<Dm i mmrno^^mm 

-fe 3 0 (3DiSt5^5StCO(, xTizE^So El 1 tCa^l" J: e) 

tc. 5fe-f :!!/9>^^ 1 0 IC7 ^yS^;fc^^c!)x^y5^^ > hT' 
x>y5^>yLTC!lSl51 l^M^t^o ^li/Un 
40 >'5x-yN2 l(DM®tCi/'Jn>S:g^-rtcx>v^> 
^tB^m2O$:0fiic-r.2>, 301^2 OiiUTli, m 

^mm<m. ^tm^mms^ (cvd) ^t'simbc 

l2XttS i HithlH3iy-:k^m^^Xm^^ni>m.itiy 

'J =i>l^^i:**We>tLS. ®®tcSHbm2 0 ^m^L 
f~^. l|2 2/Urj>C;x-A2 2S:l|li/y3>'>x- 
/A2 1 izmm2 0 S::n'LTRi!}y-^t>-&S. 112 t/U a 
>'^7X-7\2 2*^B^i^;-^fc$^^T^^;&V^{l!I<7>||l i/U=J 
>'^7x-y^2 lG>^ffiS:^0!)±K:?^fia34XTt^5®KbK 

50 2 0 iimzmsRxmm*si:m^^xm&<Dm^ Kwm • 
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mLxmm^ai^ u n >® 2 3 ^mmrt^, -eoj^m m 

2 4 U n >M 2 3 jb^iaau 1 1 {Cjl^fini-r ^ J; o 

CDX>y5=-y> htCj:Ull2S/Un>i:7i-/\2 2^^b 
1K2 0=&x«i;5^X h^vT'MilLTX^V^^^I^^-t-So 
^^v^T'iHbm 2 0 7 ^y^-feii'Cx-vf^-^ h (C J; y 1^ 
*LT^^2/U3>^2 3S:SIU$-&S, ^-CD^, ^ 
ffi U n >M 2 3 (Dmmiz:z.Ay ^ U > ^{C 10 
^^)7)l^-^2^ (Al) |^25&J^fiitU /N°^$l-X> 
yum SF6:**X{Ci:S{£^T'®M:&'l4K^-rx«y 
^:/'J^S:^fV\ .g^tCA 11^2 5 $:|^*-rSo ZltltCj: 
y^SsSa^i^U r3>^2 3*^^W(CX^y^>yig?S$ 

S-M0H^«ffi2 7. 2 8t-*f©@^«M2 7, 2 

S/tj 3>*xP>;&Snm;«@2 6 i:*^?^^$*lfcifi^e«?Ig 

tt-fe:/-9-3 0*we)4xs« 

[0 0 2 2] ®3^t>B4 ttl|2^i&^ffi©i|i#^f?|t'|4 20 

-fe:y'b-4 0 ^^-t, z.<Dimmm^y-*}-4 oitimm 

•feiv-y-T'feoT, ^mmi 2i}mmizm^^nr:Lis^ 
T^^i o±izmM^tit=.mii2 9(Dmiz-mmm2 e 

Mz&m U tr- A 3 1 , 3 1 {c J: »J ^(DMi^ti^^W^ 

;^5^a®i o^cMLT^?i^l^c^toT^^s. t^-A 

3 l®l^gg|J3 1 aiim^2 9®ia*2 9 alCfi[gLA> 

g|53 1 aRV^mmmmi 2{C«M3'JtC«^SBi«*%$tl 

€>. ;i®^|i^«sii'i4-i2>-y-4o-e{du -^mmmzGizM 

hX. m(D^epXB-tJ:^iZ\^-J^^mi3 1 ai:3 1 

a ^'0^Mizms.t ^mw.i;\^(ommmimm-r^ii. 

nm&«^2 6«tr-A3 1, 3 1 $:3^i:LTi^t 

era*®® 2 6 t^mmi 2®r^(Z)r^*^jE*^ofc 
[0 0 2 3] mz. :i!i^moM2mmm<Dimim& 40 

•fe >i?-4 0 «)SS8i:&^JCovxT^'^S. 04 tCa^-T J: e> 
ic, 9ffiS'^:^WS. 1 0 fC7 'ygf^^iifcDxyf^ V > hT- 
x-/5^>^LTIHIg|Sl l$:?^figU Zl®|HIg|Jl 1 ODjg® 
tC^/l-z^fJ^y, mmmtji^\Zii*)Au, Pt, C 

V\ Hi S/U3>'?x-A2 1 5:IK®fbLT-?-<Z)M®tC 

SHbK2 0 -eo^t, ii2e/';3>'>3i->'\ 

22^mi S/Un>>t;x-yN2 llC®Kfcl^2 0fe/rLT 
Bfiy^to-BrS. ^2 >>y 3>>5x-y\ 2 2*^a5y^*3$ 50 
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4^T^^^cv^^i(©f|l i/U=j>':7x-yN2 l©^®S:-ecD 
±{C?^^$nTVAS^blll2 0 ii^{cm^®jp${cWB!I 
Mfg LXW^^si/ y 3 >ji 2 3 
#^B^i/U=?>®2 3, SffbflI2 025LlKH2i/Ur!>-> 
x-A2 2*^e>;&S«S^{*2 4*gg^$n5. ZlOD^ii 
2 4 Sr^MaltS^ U 3 >M 2 3 *^mgp 1 1 ICMr^J-t S J: 

o\zi^'y7.m^io\zm>im^t^o ^(d'^. m2i^v 

uyOji-J\2 2 ^mm2 0i:3L^:;^7.hyZfmilL 

TX>y^:/m*fS. ^\'^xmm2o%:m^i^xM- 

iii$^i>Un>M2 3?:mm$-&-5>. MffiUfc^ 
U^B^y 'J =i>M 2 3 ©*®(cxy\'>v ^ U > i^'icj: y a 1 
l^2 5S:?^figU A^-x>ybfe^. SF6?!/;^{CJ: 
S<g3aT'®M*'l4Kv>fx«i;5^>y$:m\ ^fCAl 
1^2 5 ^^XtCj; y#iSS2/iJ n>M2 3*« 

^«)tcx>)/^:/yi^^$*u :»^7.mLlo±^z|^ 

Ltzm^^iy U n e> 2 9, 29 i:*** 2 

9 , 2 9 ^c^fe*^lJ!)^o«im«s 1 2 o!)±:&tc^?i&i-sm 

USa^e/U ^>*^e);a:5nII&m@2 e 

[0 0 24] S5S.t>'ia6ttH3SQS?^M«)i|^#:'IS<4 
•fe 5 p Sr^-r, z:<D^(*?IHSlz 5 0 tt^jlg 

^i2 7^5Lt>*2 80r^tCW3l^jt©-*fO)orim<12 6, 
2 6 5:^1-^. Blffi«1i2 6, .HS«M2 7^1/2 8 

2 7&Df®|i2 6 i:®|i2 8®2v^{c^Ji«g-r-g>8IJ4)-*^ 

^tCJ^^StlS. ■5Mf«^2 6, 2 6l±?{f^xSSl 0 
tc?^J?&g54xfclH]SI$i I0±;^tc-65[@U n^Oif-Z. 

3 1, 3 ifcj:*;^®MaS*^5d#3tu 3!f^>^>asio 

^C*fLT^?i^^CJ&oT^^■6. tr-A3 l©^gaJ3 l a 

ti*Ki o±izmm^tii>. z.<Dm^i loyjsmizim 

al5©al$J:^J/J^3^r^^$<Z);^ai«Bl 2jt)WJ^$tlS. 

l^-A^igg|$3 1 a, H^mfii2 7&Uf 
2 8, ^ffiSfiil 2{cttMrj{c'S^tg3«l7b^^$4T. @^ 

«®2 7^.0^2 8 iz^mms-^mau mmtuzj: y pt 

^-tJ-SOTf*. nllim®2 6, 2 6lCMUTl^-A^ 
aJ3 1 a i: 3 1 a S:iig^^?:c(Jii>i; LX^jm^mm-t 
sfc, ■5ri&«<i2 6. 2 6{c=ii;;tU:tr*^l5Tz:otti 

^m0m^)izmvmj^mz.vxpimir^o :i<Dimm 

[0 0 2 5] ?;^jfC, *|g^goH3||S(^^O^ti#i*:'Ktt 
-fe>-9■5 0®iS§:^^^CoV^TKg/<S, 05tC5^-rj:o 
ic. $fe-f:^^:^««l Ofc^^yie^iifOx^^/^^-v^hT- 
x^vf^^^rLTIHiaJl 1 $:?^^U iomapi icojs® 
tcxA-y^U>i^, K^^^iftC<kyAu, Pt. C 

u J5:^^*>e)S^^nfci^(Z)^;t)^e,^s^^^J«M 1 2 s: 
mim^m<mk:^mtmmzif 

t\ !glt/'j3>'j7x-y\2 iSrJgigftffcUT-ecDMiSfc 
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#*gH^i/U=i>M2 3, ieftm2os.yj||2i/'j=i>>:7 

3L-;\2 2 ii^i^^tji^m^W 2 4 tlS, 

^24 Sr^ieas/ U 3 >M 2 3 AW 1 1 lC*f|6Jt- S J: 

\ZiS'y7.mBL 1 0 tCBi^^-tS. H 2 2/ U 10 

n>C?ai-A2 2 S:®Hbl^2 0 h ^v^Mi: b 

3S^2/U3>M2 3$:Sffi$-&§. ^«)^, SffiLfc# 
i@IIS/U n>M2 Z0>^K7.nv9 U >yiCj; U A 1 

S{SiaT'®m55'ffi -f X «y 5^ > ;/$:=ff V \ *^tc A 1 
m 2 5 SrlS^^-r-S. ZltltC J: U ^j^a^S^ U n >® 2 3 j!)^ 

Lfe^SSi/'J n>A^e)^S-M®®^tt@2 7, 2 8 
t-MCDM^WmZ 7 . 2 8{C^*tlA^o;^ffi®^l 2 20 

[ 0 0 :2 6 ] H 7 tt0 1 ||figJ^®.©^fi^fit?Htt-fe 3 

0 (Dm^m^-^m^B-t, m i ^isej^McD-fe 3 o © 

BP*., «|ji<*2 4$:fi|ggi-S||2i/U3><i7x-A 
2 2®x.j;-?^>inS?*tCJ:ySffiL/fc®HblS;2 0?:-7«y 30 

0 a , 2 0 bjfct; 2 0c ^m^^nV U H >® 2 3 _h(CS 

a. 2 0b;&tK2 0c$:|^S1-5. ^tllC J: »J-#3eB^i/ 
U 3>® 2 3 *^^6<J{CX«vf^>m*$tU 

mi®2 7, 2 8i:-*r0H^«®2 7, 2 8icm*l*^ 

«m!rB^12 6 il*WfigS4T.t^<!f«tt-fe>-y-3 0 40 

1 0 0 2 7 ] s 8 zwsmoi^wm.^ >-9-4 

0 (jm<Dm^-nwk.7s^-^. % 2 ^mmiy'^ 4 0 © 

L/fc^, ^2i/U3>i:7a:-/N2 2$:^l:|g20$:x«y 
LTX.y5^>d^-tSJ:S*T-ttS52 

S. BP*,. ig7T'a^-r|i{Si:ll^i(c, «l5t#:2 4$:«^ 
•r^l|2 S/'J n>C7a:-A2 2C[>X«:;^>iy^tCJ:»J 
SffiLfc^fcffi[2 0$:7»y®[^G>x.y^-V>h$:ffllr>T 50 
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A-;5?-->^^U ^fcM2 0a, 2 0bS.tK2 0cS:m 

jg^i> u 3 >M 2 3 ±.\z:m\mz^m-^. z.(mM 

T\ SF6**X{CJ:S<S?S-e©M*'['±K^-rx.y5'>if 
«^tC^bl^2 0a, 2 0 bS.U^2 0c$:|^56 

:**5;^«ffil 0±tCg^Lfe^SS/ 

U=I>*^e>^e^##2 9, 29i;##29, 29{Cfe^* 

e>J&SBll!f®i2 6 t7!)W3ttfe^i*:«'l4-lz>-b-4 

o*^e>ns. 

[0 0 2 8] 09«^35liS?^Jl®4^^'l4-tr>-9-5 

^t(Dim.^.it. mm^ 2 4 ^is^:xmL 1 0 tcg^ 

Lfc^, ^2S/U=l>>?x-A2 2 5:®KfclS2 0S:x«i; 

5^:^ N-v^Mii LTx>yf->y|^5fef •5X^*tiill3 

.•6. BP^, mTT^^-t^tmmiz. mm^2 4^mm. 

•r&l|2 S/U 3>'5x-A2 2®x.);5^>^!'fi^JCj: »J 
Mlii\^t~mm2 0^yym^(D:r^^j^^yh^m\'^X 
j^ii--yifU ^l::JK2 0a. 2 O b;5tt>*2 0 c 

^^i/ U n >® 2 3.±Jc^fl<Ko?^^-r-g,o 

SF6:j!/:^tCj:S<£iaT*®M*<4K^-fx-/^>ir 

^n^\ m^izmm2o a. 2 0b&yf2 0c;&ig^* 

•tS. zniC J: y :^^H^>> n 2 3 ;b^3^6UtCX 

y 3>*>e>&s— >i*®@^mfii2 7,2 8 i:— 

«^ 2 7 , 2 8 iz^tM-^-D^mwm 1 2 (D±Mz^m 

-r^^^alii/U =^>;^)^e3«:.^>nIKl®g2 6 

5 0 t>m^>ti^. 

[0029] 

[18^9®?**] PJJ:j&^r=.J:olZ. '^(D^jL-j\C0l' 

t<D^^n'^r:,tb. ^-ice^5fe®j:e>?fcflfiu#^ (st 

icking) 3®^$:&l5-r, :^ffi1|^Afj;(/^:;(.S;g{c?ttLT 
[01] S2©A-A«^8|JlCffi^-rS*^fl9®lll|l 

[02] :^um(Dmim^m(D^tm&±y*^<m 
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16 



[09] ^mm(Dm3mm^m<D^imvt-^yi)-mii 

1 0 :»^yt.mi 

1 1 pagp 

1 2 ^mmm 

21 Uli/Uu^-i/x-ZN 

2 4 

<Z)$£tXgS:3^-r^a 2 7, 2 8 -^*®H^«|g 

[S8) 2|c|8^<D^2||if©^^©iNifism'l4-fe>-y-®glJ 3 0, 4 0. 5 0 iJ^flsMttiZ 



[114] 03{©B-Bif!gS|g|S{Cffl^-tS:*:5§Wa)^2^ 
[S5] EI6<DC-CfJ5gaP(C+@^-t-6*5S^©^3|| 



mi] 
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10 ^7XXfi 

2D A 

a »i 5/i;3>'>x— 
22 »2-;/'; 3v»>x-^^ 



22— 

a— 





26 omnfi 
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